During the initial stages of vertebrate retinogenesis, cells of the optic vesicle adopt one of two alternate cell fates. Cells in the distal-most part of the vesicle, immediately beneath the surface ectoderm, undergo neural differentiation; cells in the proximal part differentiate into retinal pigmented epithelial cells. The mechanisms that establish this pattern of differentiation are poorly understood. In the mouse embryo, Msx2, a homeobox-containing transcription factor, is expressed in cells of the optic vesicle that will form the neural retina, whilst the developing retinal pigmented epithelium (RPE) does not express this gene. Msx2 could therefore be involved in patterning the optic vesicle into neural and pigmented domains. To explore this possibility we ectopically expressed mouse Msx2 in cultures of chick RPE cells. Compared with cultures transfected with a control construct, Msx2-transfected cultures contained fewer cells expressing the RPE marker, Mitf, and more cells expressing class III b-tubulin, a neuronal marker. In addition a small proportion of Msx2-transfected cells acquired a neural-like morphology. These results show that Msx2 can suppress the differentiated state of RPE cells and promote their differentiation into neural cell types. We suggest that Msx2 may pattern the optic vesicle into neural and pigmented domains by affecting the balance between RPE and neural retina differentiation. q
Introduction
The vertebrate retina is composed of two distinct layers of tissue. The inner-most layer (neural retina) contains neuronal and glial cell types, whilst the outer layer (retinal pigmented epithelium; RPE) contains only pigmented epithelial cells. Although different in form and function, both layers develop from an out-pocket of forebrain neuroepithelium termed the optic vesicle. This structure is visible in mouse by E8.5. The mechanisms that pattern this sheet of neuroepithelium into neural and pigmented domains are poorly understood.
Recent studies in chick suggest that correct patterning of the optic vesicle depends on interactions with the overlaying surface ectoderm that occur between E1.5 and E4 (Hyer et al., 1998) . Surface ectoderm-derived FGFs may play an important role in mediating at least part of this interaction (Hyer et al., 1998) . A number of genes are differentially expressed in the prospective neural and RPE domains of the optic vesicle and could be involved in this patterning process. Mitf, encoding a bHLH transcription factor, is expressed in proximal cells of the chick and mouse optic vesicle that will form the RPE (Mochii et al., 1998; Nakayama et al., 1998) . Mice null for Mitf have a thickened, unpigmented RPE that fails to express Tyrosinase and Trp1, both of which function during the production of pigment (Yokoyama et al., 1990; Kobayashi et al., 1994; Nakayama et al., 1998) . Moreover, the expression of Mitf from retroviral vectors can prevent neural differentiation under in vitro conditions where chick RPE cells are otherwise able to transdifferentiate to a neural cell type (Mochii et al., 1998) . Thus, Mitf is a key regulator of RPE development.
The regulation of neural retina development is more complex and less well understood. Genes expressed in the prospective neural retina of the optic vesicle may be involved in this process and include Six3 (Oliver et al., 1995) , Pax6 (Grindley et al., 1995) , Lhx2 (Porter et al., 1997) , Chox10 (Liu et al., 1994) and Msx2 (Monaghan et al., 1991) . Retinal defects in mice null for Pax6 (Grindley et al., 1995) , Lhx2 (Porter et al., 1997) and Chox10 (Burmeis-ter et al., 1996) demonstrate that at least some of these genes are essential for neural retina development. Though the eyes of mice null for Msx2 are reported to be normal, mice null for both Msx2 and Msx1 are reported to exhibit a variably penetrant phenotype which includes arrested eye development at late optic vesicle stage (Rauchman et al., 1997) . Msx1 is another member of the Msx gene family and is expressed in the ciliary region of the eye (Monaghan et al., 1991) . These observations suggest that Msx function is essential for the development of the optic vesicle and that Msx1 and Msx2 are functionally redundant within the eye.
The Msx genes are a family of three homeobox-containing transcription factors. Of the three Msx genes known in the mouse, Msx1 and Msx2 are particularly interesting in the context of optic vesicle patterning because they are also expressed at other sites of the embryo at which cell type speci®cation occurs. These sites include the dorsal neural tube , progress zone of the limb bud , dental mesenchyme of the tooth bud (MacKenzie et al., 1991 (MacKenzie et al., , 1992 and mesenchyme of the facial primordium (Barlow and Francis-West, 1997) . Msx3 is expressed in a more restricted pattern, principally in the dorsal neural tube (Shimeld et al., 1996; Wang et al., 1996) . Ectopic expression and loss-of-function studies of msh, the Drosophila homologue of the vertebrate Msx genes, show that this gene is required for the regional speci®cation of neural and muscle progenitors (Lord et al., 1995; Isshiki et al., 1997; Nose et al., 1998) . Thus, Msx genes appear to have an ancient role during the patterning of neural, and perhaps other, tissues.
During limb and tooth development, Msx is expressed in response to an epithelia-derived signal (Ros et al., 1992; Wang and Sassoon, 1995; Thesleff and Sahlberg, 1996) . This signal is mediated, at least in part, by bone morphogenetic protein 4 (BMP4) and ®broblast growth factors (FGFs) (Vainio et al., 1993; Wang and Sassoon, 1995; Chen et al., 1996) . Exogenous BMP4 can induce Msx expression in facial mesenchyme and ventral neural plate explants suggesting that regulation by BMP4 may be a common feature of Msx function (Liem et al., 1995; Barlow and Francis-West, 1997) .
Msx may in turn control cell-type speci®cation by regulating a variety of differentiation pathways. Msx1 and Msx2 have been shown to suppress vertebrate myogenesis in vitro (Woloshin et al., 1995) , whilst in the developing chick limb Msx1 expression and muscle differentiation are mutually exclusive (Wang and Sassoon, 1995) . Msx2 has also been shown to function in rhombomeres 3 and 5 to induce apoptosis of neural crest cells (Graham et al., 1994; Takahashi et al., 1998) .
In the present study we have investigated Msx function during the speci®cation of neural and pigmented retinal cell types. We con®rm that Msx2 is expressed in the prospective neural region of the early mouse optic vesicle prior to neural development and further show that Msx2, like Msx1, is expressed later, in the distal parts of the inner layer of the cup at the boundary between prospective neural and pigmented tissues. On the basis of these observations, we ectopically expressed Msx2 in cultured chick RPE cells. Compared with controls, Msx2-transfected cultures showed a smaller proportion of cells expressing the RPE marker Mitf and an increased proportion expressing the neuronal marker class III b-tubulin. Furthermore, a small proportion of Msx2-expressing cells acquired a neural-like morphology. These results suggest that Msx2 functions to pattern the optic vesicle into neural and pigmented domains by affecting the balance between RPE and neural retina differentiation.
Results

Msx gene expression in the developing mouse retina
By E9.5 the optic vesicles have made contact with the surface ectoderm. In situ hybridization showed no detectable Msx1 expression in the optic neuroepithelium at this stage or at E10.5; expression became evident only after E11.5 (Fig. 1) . In contrast, Msx2 was strongly expressed at E9.5 in cells of the distal part of the optic vesicle that lies immediately beneath the surface ectoderm which is itself expressing Msx2. Msx2 transcripts were not detected in proximal cells of the optic vesicle. The boundary between tissues with neural and pigmented fates is not known precisely. However, it is likely that all, or most Msx2-positive cells will form the neural layer and Msx2-negative cells the RPE layer of the retina (Fig. 1) .
Msx2 was only transiently expressed in presumptive neural retina cells. By E12.5, Msx2 expression was con®ned to the distal tips of the neural retina in a region adjacent to Msx2-expressing cells in the equatorial epithelium of the lens. Expression did not extend into the outer retinal layer (Fig. 1) . Similarly, Msx1 expression was restricted to the distal margins of the neural retina. Proximal and distal boundaries of expression were similar to those of Msx2 (Fig. 1) . Over the period of our observations, that is at least until E13.5, neither Msx1 nor Msx2 expression was detected in the RPE.
Ectopic expression of Msx2 in cultured retinal pigmented epithelium
We reasoned from the expression of Msx2 that it may function to pattern the optic vesicle by preventing RPE differentiation and/or promoting neural differentiation. To investigate these possibilities we ectopically expressed Msx2 in cultures of dissociated RPE cells. RPE from chick, rather than mouse, was used in order to provide suf®-cient numbers of cells for these experiments. In common with mouse, the chick RPE does not express Msx1 or Msx2 (data not shown). However, not all sites of Msx2 expression within the eye are conserved between mouse and chick. In contrast to mouse, Msx2 expression was not detected in the chick lens pit/vesicle or optic vesicle (data not shown). It is not known if Msx1 is expressed at these sites in chick, but it is possible that Msx1, or another member of the Msx gene family, may substitute for Msx2 function in the developing lens and optic vesicles of chick.
RPE cells from 5-or 6-day-old chicks were cultured overnight and then transfected with the CMV-driven mouseMsx2 expression construct; transfected cells were routinely identi®ed by the enzymatic activity of b-galactosidase (bGal) translated from the IRES-bGeo cassette. RT-PCR using primers speci®c for mouse Msx2 (mMsx2) con®rmed that an mMsx2 transcript was produced (data not shown) and immunocytochemistry indicated the presence of Msx protein (Fig. 2) . Immunostaining of cultures for both bGal and Msx showed that only 39% of bGal-positive cells were positive for Msx (Table 1) . This may be due, at least in part, to the relative sensitivities of the immunocytochemistry assays since cells strongly labelled for bGal were positive for Msx, whilst cells weakly labelled for bGal were negative for Msx (Table 2) .
Msx2 suppresses Mitf in retinal pigmented epithelium cultures
To examine the effects of Msx2 expression on the differentiation of the RPE, we assayed the activity of the Mitf Expression was not detected in proximal optic vesicle cells. Msx2 expression was also detected in the epithelium of the lens pit (arrowhead). (C,D) Transverse sections through the eyes of E12.5 mouse embryos. Boxed regions are shown enlarged in (E,F). (C,E) Msx1 expression was detected in the distal margins of the neural retina (arrow). Expression was not detected in proximal neural retina, RPE, lens equatorial epithelium or surface ectoderm. (F) Msx2 expression was detected in the distal margins of the neural retina (arrow), lens equator (arrowhead) and surface ectoderm. Expression was not detected in proximal neural retina or RPE. ov, optic vesicle; le, lens equator; nr, neural retina; se, surface ectoderm; rpe, retinal pigmented epithelium.
gene which has been shown to play an important role in the development of this cell type. Mitf expression is limited to proximal cells of the chick optic vesicle and later to the RPE (Mochii et al., 1998) .
Immunostaining of cultures of 5-day-old chick RPE cells for both Mitf and bGal revealed that only 19% of mMsx2-transfected cells were Mitf-positive compared to 71% of control-transfected cells (Fig. 3) . Seventy-eight percent of untransfected cells, immediately adjacent to mMsx2-expressing cells, were Mitf-positive. We conclude that ectopic expression of mMsx2 in cultured RPE cells leads to the downregulation of Mitf in a cell-autonomous fashion.
Msx2 affects the morphology of retinal pigmented epithelium
Six-day-old chick RPE cells were cultured overnight and then transfected with the mMsx2 expression construct; 48± 72 h later, cells transfected with the Msx2 construct generally had a more irregular shape compared to cells transfected with the control construct (Fig. 4) . To further investigate this effect on cell shape we determined the proportion of transfected cells (those exhibiting bGal activity) that extended processes more than 10 times longer than wide (Fig. 5 ). This analysis was restricted to cells on the periphery of the culture as the morphology of X-Gal stained cells at the centre of monolayers was not always clear. Eleven percent of bGal-positive RPE cells in mMsx2-transfected cultures had processes more than 10 times longer than wide compared to only 3% of bGal-positive RPE cells in cultures transfected with the control construct. Therefore, ectopic mMsx2 expression in RPE cells leads to an increase in the proportion of transfected cells with long processes.
Further analysis of RPE cultures prepared from 5-and 6-day-old chicks transfected with the mMsx2 expression construct revealed that a small subpopulation (1±5%) of transfected cells had a distinct, dendritic morphology (Fig.  4C,D) . These cells could be grouped into one of two types; those extending two (bipolar) or those extending more than two (multi-polar) long dendrites from well-de®ned cell bodies. Dendrites were often branched and frequently appeared to make contacts with neighbouring cells. We have observed cells with a similar morphology in untransfected RPE cultures grown for 10 days with regular subcultivation (Holme, unpublished data). However, in the present study primary cultures were used throughout and under these conditions, cells with this distinctive morphology were never observed in control-transfected cultures. Untransfected (bGal-negative) cells in the mMsx2-transfected culture did not have this morphology nor was process length affected (Fig. 5) , suggesting that these effects are cell autonomous.
A maximum cellular response, judged by the proportion of transfected RPE cells with a dendritic morphology, was reached 48 h after transient transfection with the mMsx2 construct (Fig. 6) . After 72 h, this proportion had decreased and, after 96 h, no cells with a dendritic morphology were observed. The distinctive dendritic morphology may be lost as a consequence of continued differentiation. Alternatively, dendritic cells may not survive in the absence of either continued mMsx2 expression or the appropriate environment.
Interestingly, ectopic expression of mMsx1 in cultures of 5-day-old chick RPE cells also led to a small proportion of transfected cells gaining a dendritic morphology (Fig. 7) .
Ectopic expression of mMsx2 in stage-matched cultures of perioptic mesenchyme did not induce a dendritic morphology (data not shown). This excludes the possibility that contaminating mesenchyme is the responding cell type in RPE cultures.
Msx2 upregulates the neuronal marker TuJ1 in cultures of retinal pigmented epithelium
We investigated the possibility that mMsx2 may promote neurogenesis by immunostaining chick RPE cultures for TuJ1 after transient transfection with either the mMsx2 or control construct. TuJ1 antibody reacts with class III b- a Six-day-old chick RPE was cultured overnight, then transiently transfected with the mMsx2 expression construct. Forty-eight hours later the cultures were stained immunohistochemically for both bGal and Msx. The number of intensely labelled bGal RPE cells that were positive or negative for Msx was determined. This analysis was repeated for cells with a low intensity of bGal stain.
b Cells in which the positive or negative status of labelling with the antiMsx antibody was in doubt (for example where the signal was close to the limits of detection) were excluded from the analysis and are classi®ed as not determined' in the table. a Six-day-old chick RPE was cultured overnight and then transiently transfected with either the mMsx2 expression construct or the control construct. Forty-eight hours later the cultures were stained immunohistochemically for both bGal and Msx. The number of bGal-positive RPE cells labelled and unlabelled for Msx were counted.
b Cells in which the positive or negative status of labelling with the antiMsx antibody was in doubt (for example where the signal was close to the limits of detection) were excluded from the analysis and are classi®ed as not determined' in the table. tubulin and has been used as an early neuronal cell type marker (Lee et al., 1990) . Within the retina of 3.5-and 5-day-old chicks, TuJ1 immunoreactivity is associated with ganglion cells (Lee et al., 1990) (Fig. 8) . Additional neural retina cell types become TuJ1-positive as differentiation proceeds (Fig. 8E) . At E5, RPE cells in the eye are negative for TuJ1 (Fig. 8) . However, in tissue removed from the eye, a small population of cells become positive for TuJ1 after less than 17 h in culture. Human RPE cells also express TuJ1 in culture but not in vivo (Vinores et al., 1995) .
In primary cultures of RPE cells from 5-or 6-day-old chicks cultured overnight and then transfected with either control or Msx2 expression constructs and examined 48 h later, 21% of cells transfected with the control construct were TuJ1-positive compared to 43% of cells transfected with the mMsx2 construct (Fig. 9) . Since not all of the bGal-positive cells express Msx protein at detectable levels, we repeated this experiment, assaying both class III b-tubulin and Msx immunocytochemically. In cultures transfected with the mMsx2 construct 56^13.5% of Msx-positive cells were TuJ1-positive. In cultures transfected with the control construct 18^8% of transfected (bGal-positive) cells were TuJ1-positve. Thus, ectopic expression of mMsx2 in cultured RPE cells leads to an increase in the number of cells expressing the neuronal marker TuJ1.
The dendritic morphology acquired by a small number of mMsx2-transfected RPE cells is characteristic of cultured neural cells. In support of these cells being neuronal, a total of 30 bGal-positive cells with a bipolar morphology were assayed and all were TuJ1-positive. No bipolar cells were TuJ1-negative. In contrast, some multi-polar-transfected cells were TuJ1-positive and some were negative (Fig. 10) .
Discussion
Msx2 function in cultured RPE cells
In the present study we have shown that ectopic expression of Msx2 in chick RPE cultures reduces the number of cells expressing Mitf, whilst increasing the number of cells expressing the neuronal marker TuJ1. In addition, a small proportion of cells ectopically expressing Msx2 acquired a dendritic morphology. These effects are very similar to those seen when RPE cells are treated with either FGF1 or FGF2. FGFs cause cultured RPE cells, from both chick and rat, to transdifferentiate into neural retina cell types (Pittack et al., 1991; Guillemot and Cepko, 1992; Zhao et al., 1995) . During this process neural retina markers are upregulated, whilst the RPE marker Mitf is downregulated (Pittack et al., 1991; Guillemot and Cepko, 1992; Zhao et al., 1995; Mochii et al., 1998) . Interestingly, transdifferentiation is suppressed in RPE cultures constitutively expressing Mitf, suggesting that the downregulation of this gene is an integral part of the transdifferentiation process (Mochii et al., 1998) .
The similarity of the effects of Msx2, FGF1 and FGF2 on cultured RPE cells raises the possibility that they may function in a common pathway. Our observations that Msx2 directly or indirectly suppressed Mitf expression and affected cell morphology in a cell autonomous manner suggest that Msx2 may function downstream of either, or both, FGF1 and FGF2. Alternatively, Msx2 and FGFs may Fig. 6 . Percentage of mMsx2-transfected RPE cells with a dendritic morphology at regular time intervals after transfection. Five-day-old chick RPE cells were pooled and split equally between several tissue culture plates and then transiently transfected with the mMsx2 expression construct. Cultures were stained for bgalactosidase at 24 h intervals after transfection. Error bars show the 95% con®dence range. Another gene that may function in the same pathway as Msx2 is Optx2, a homeobox gene of the sine oculis family. In chick, this gene is expressed in the optic vesicle and overlying surface ectoderm (Toy et al., 1998) . Ectopic expression of mouse Optx2 in cultures of differentiated chick RPE cells increases the number of cells expressing the retinal markers Chox10 and visinin (Toy et al., 1998) . It will be interesting to determine if Msx2 is also upregulated in these cells or if Optx2 is upregulated in Msx2-transfected RPE cells. Hyer et al. (1998) have shown that removal of surface ectoderm overlaying the chick optic vesicle causes cells of the optic vesicle to differentiate in a disorganized manner, RPE and neural cells becoming intermingled. Two conclusions can be drawn from this observation. Firstly, optic vesicle cells are bipotent, being able to initiate both RPE and neural retina differentiation. Secondly, signals from the surface ectoderm establish the correct pattern of RPE and neural retina differentiation within the optic vesicle.
Patterning of the optic vesicle
The effects of FGF1 and FGF2 on cultured RPE cells and their expression patterns in the developing eye suggest that they play a role in patterning the optic vesicle into neural and RPE domains. FGF1 and FGF2 are expressed in the surface ectoderm overlying the optic vesicle in rat and chick, respectively, whilst FGF receptors have been localized to the rat and chick optic vesicle (Heuer et al., 1990; Wanaka et al., 1991; de Iongh and McAvoy, 1993; Tcheng et al., 1994; Pittack et al., 1997) . Indeed, correct patterning of the optic vesicle can be restored by implanting FGF1-producing ®broblasts adjacent to the vesicle (Hyer et al., 1998) . The neural domain forms closest to the FGF1 source.
The pattern of Msx2 expression in cells of the mouse optic vesicle immediately beneath the surface ectoderm suggests that the activity of this gene may be controlled by surface ectoderm-derived FGFs. Moreover, the results of our in vitro studies suggest that by affecting the balance between neural and RPE differentiation Msx2 may play a part in the process of patterning the optic vesicle into neural and RPE domains in response to surface ectoderm-derived FGFs. Whether Msx2 plays a direct role in promoting neural differentiation or in suppressing RPE differentiation is unclear. The expression pattern of Mitf in the mouse eye is, however, consistent with a joint role for FGFs and Msx2 in patterning the optic vesicle by suppressing RPE differentiation. At E9, Mitf is expressed throughout the optic vesicle. By E9.5 the expression of this RPE marker is downregulated in cells immediately beneath the surface ectoderm that may have received surface ectoderm-derived signals and are expressing Msx2 (Bora et al., 1998) . At later stages of retinogenesis in mouse and chick, expression is restricted to cells of the prospective RPE. These cells do not express Msx2 (Bora et al., 1998; Mochii et al., 1998; Nakayama et al., 1998) .
Like Msx2, Msx1 induces a small population of RPE cells to acquire a dendritic morphology in culture. This is consistent with the report that Msx1 and Msx2 are functionally redundant within the eye at the optic vesicle stage (Rauchman et al., 1997) . However, we could not detect Msx1 expression in the optic vesicle, but only in the mesenchyme surrounding the optic vesicle. This observation raises some intriguing questions as to the mechanism by which functional redundancy occurs. One possibility is that Msx1 and Msx2 regulate a common secreted molecule so that the absence of Msx2 function in the optic vesicle may be compensated for by the production of diffusible signal under the control of Msx1 in neighbouring mesenchyme. One such signal may be BMP4 whose production depends on Msx1 in tooth mesenchyme (Vainio et al., 1993; Chen et al., 1996) . The expression patterns within the mouse eye of Msx2 and Bmp4 are certainly consistent with this possibility. Both genes are expressed in the distal part of the optic vesicle and overlying surface ectoderm. In addition, Bmp4 is also expressed in mesenchyme surrounding the optic vesicle in common with Msx1 (Dudley and Robertson, 1997) .
Msx function in the ciliary margin
Msx2 is only transiently expressed in prospective neural retina cells of the mouse, and so can play no role in the maintenance of multipotent retinal progenitor cells or the differentiation of their progeny. However, Msx1 and Msx2 are expressed in the distal tips of the retina (ciliary margin). In lower vertebrates, lineage analysis of cells in this region has shown that they can contribute to the RPE and all the cell types of the neural retina (Wetts et al., 1989) . In mouse, however, it is unlikely that Msx2 acts at the ciliary margin to pattern the cells into neural and RPE fates as there is no evidence that higher vertebrates retain the ability to generate retinal cells from this region. It is more likely that the ability of this gene to suppress RPE differentiation plays a role in maintaining the boundary between the RPE and neural retina.
We have suggested that Msx2 may be involved in controlling the fate of optic vesicle cells by promoting neural and/or suppressing RPE differentiation. Msx genes may play a similar role during cell type speci®cation at other sites of expression that include the neural tube, limb bud, tooth bud and facial primordium. Interestingly, the Drosophila msh gene is required for the regional speci®ca-tion of neural and muscle progenitors (Lord et al., 1995; Isshiki et al., 1997; Nose et al., 1998) , suggesting that the Msx-like genes have an ancient role in the speci®cation of cell fate.
Experimental procedures
In situ hybridization
Albino-Swiss mouse embryos were ®xed in 4% paraformaldehyde (PFA) in PBS at 48C overnight and embedded in paraf®n wax. Embedded embryos were serially sectioned at 7 mm intervals and sections were¯oated onto 3-aminopropyl-triethoxysilane (TESPA)-treated glass slides. Sections were prehybridized as described by Wilkinson et al. (1987a) . The probes used to analyze mouse Msx1 and mouse Msx2 expression have previously been described (Hill et al., 1989; Monaghan et al., 1991) and show no cross-reactivity.
35
S-labelled riboprobes were hybridized to sections at 558C for 16±18 h. High stringency washes were performed essentially as described by Wilkinson et al. (1987b) . Slides were exposed to Ilford K5 emulsion for 4±6 weeks. In situ hybridization data have been illustrated by superimposing epi-illuminated and bright ®eld digital images using Digital Scienti®c software (Digital Scienti®c, Cambridge, UK).
CMV-driven Msx1 and Msx2 expression constructs
Msx1 expression construct
Full-length mouse Msx1 cDNA was cloned downstream of a CMV promoter and upstream of an IRES-bGeo cassette (gift from Dr. A. Smith). This construct also contained a bglobin intron and SV40 polyadenylation signal downstream of the IRES-bGeo cassette (Fig. 11A) .
Msx2 expression construct
Full-length mouse Msx2 cDNA was digested with BsmI (1263) to remove unnecessary 3 H untranslated sequence and a phosphorylated adapter, containing a MluI site, was ligated. This modi®ed cDNA was cloned into the Promega pCI mammalian expression vector and an IRES-bGeo cassette was inserted downstream (Fig. 11B ).
Control expression construct
The IRES-bGeo cassette was cloned into an empty pCI vector (Fig. 11C ).
Transient transfection of primary chick RPE cultures
Fertilized Ross White eggs (Roslin, Edinburgh) were incubated until the desired stage of development. The eyes of chick embryos at appropriate stages were collected in icecold PBS and the front of each eye was removed using a sterile scalpel blade. The neural retina was then carefully removed from the back of each eye using forceps. If required the neural retina was collected and stored on ice. Perioptic mesenchyme was then separated form the RPE by incubating in 7.5 mg/ml collagenase A (Boehringer Mannheim) in PBS for 5 min at 378C. The collagenase A solution was then replaced with ice-cold PBS and the RPE was teased from the mesenchyme using forceps and stored in PBS on ice. Sheets of RPE were dissociated by incubating at room temperature for 3 min in trypsin/versene 1:10 (0.2% trypsin, 0.04% EDTA in Dulbecco`A') which was then inactivated by adding an equal amount of FCS. The cells were gently aspirated through a¯ame-polished glass pipette, pelleted, resuspended in EMEMF (EMEM, 8% FCS, 0.3 mg/ml glutamine, 70 mg/ml penicillin, 0.13 mg/ ml streptomycin) and seeded directly into wells of a 24-well tissue culture plate (Linbro, ICN). For immunocytochemistry, cells were seeded into poly-l-lysine (Sigma)-coated wells of eight-well glass chamber slides (Nunc). Cells were maintained at 378C, 5% CO 2 in a humidi®ed incubator.
After approximately 24 h in culture, cells were transiently transfected by incubating with a mix of construct DNA (0.1 mg/cm 2 of culture area) and lipofectamine (GIBCO BRL) for 5 h as per the manufacturer's instructions. After a further period (between 48 and 72 h) the cultures were ®xed and stained as described below. tories, used at 1:200). Images were captured on a Ziess Axioplan microscope with a photometrics CCD camera using Digital Scienti®c Software. No cross-reactivity was observed in dual labelling experiments.
Cell counts
All cells within a randomly selected ®eld of view were scored for the presence or absence of bGal and the antigen of interest. Overlapping cells or those for which the presence or absence of bGal, or the antigen of interest, could not be determined were excluded from this analysis. The error ranges given in the main text show the 95% con®-dence range.
TuJ1 immuno¯uorescent and immunohistochemical staining of wax sections
Chick embryos were ®xed in 4% PFA in PBS, embedded in paraf®n wax and 7 mm thick sections were cut. Dewaxed and rehydrated sections were either blocked in goat serum, diluted as per manufacturer's instructions, containing 0.01% Triton X-100 (Vectastain Elite ABC kit; Vector laboratories) for immunohistochemical staining or in PBS containing 6.7% glycerol, 2% BSA, 0.2% Tween 20 and 0.01% Triton X-100 for immuno¯uorescent staining. Mouse antiTuJ1 was used at a 1:500 dilution. Primary antibody was detected with either a Texas-Red conjugated secondary antibody (Jackson ImmunoResearch Laboratories, used at 1:200) or a biotinylated secondary antibody (Vector Laboratories, diluted as per manufacturer's instructions) followed by an incubation in Vectastain Elite ABC reagent and a peroxidase substrate solution (DAB, Vector Laboratories). 
